Objective Endoscopic ultrasound (EUS) is a safe and accurate examination for evaluating the presence of common bile duct stones (CBDSs). The EUS-first approach, where EUS is performed before endoscopic retrograde cholangiopancreatography (ERCP) for patients suspected of having CBDSs, may help reduce the risk of ERCP-related adverse events and save manpower by avoiding unnecessary ERCP. To evaluate the efficacy of the EUS-first approach in patients with suspected CBDSs. Methods Between April 2012 and March 2016, 104 patients who underwent the EUS-first approach for suspected CBDSs were retrospectively evaluated. The relevant outcomes were the short-and long-term adverse event rates and the ERCP avoidance rate. Results EUS findings were positive for CBDSs in 52 patients, showed sludge formation or possible CBDSs in 4 patients, and were negative for CBDSs in 42 patients (but positive for other diseases in 6). Sixty-two patients (62/104, 59.6%) underwent ERCP, and proper treatments were successfully performed in all but 1 who underwent only cholangiography. In the remaining 42 patients (42/104, 40.4%), ERCP was omitted based on the EUS findings. Early adverse events were recognized in 0% of the EUS-only group and 8 patients (12.9%) in the EUS+ERCP group (p=0.02). Regarding late adverse events, recurrent CBDSs occurred in 1 patient (2.3%) in the EUS-only group and 2 (3.2%) in the EUS+ERCP group (p=1.0). Conclusion The EUS-first approach in patients with suspected CBDSs was useful for reducing early adverse events associated with ERCP without increasing the late adverse event rate, as EUS enabled the avoidance of unnecessary ERCP.
Introduction
Common bile duct stones (CBDSs) are frequently encountered in daily clinical practice. Since CBDSs can eventually cause serious adverse events, such as acute cholangitis or acute biliary pancreatitis, the basic management is the removal of the stone from the CBD, even if patients are asymptomatic when the stone is detected. Endoscopic retrograde cholangiopancreatography (ERCP) has been the goldstandard diagnostic procedure for CBDSs, offering an advantage over other diagnostic procedures in that it allows for subsequent therapeutic intervention for CBDSs upon a positive diagnosis via cholangiography. However, ERCP does not have a high sensitivity for the detection of small CBDSs (1) , and the procedure itself is often associated with serious adverse events, such as post-ERCP pancreatitis (2) . Therefore, ideally, the presence of CBDSs should be con- Endoscopic ultrasound (EUS) is a much-less-invasive diagnostic method reported to have very high diagnostic performance for CBDSs (3) . The EUS-first approach, whereby EUS is performed before ERCP to evaluate the pancreatobiliary system, has been adopted in our institution for assessing patients suspected of having CBDSs. The EUS-first approach may aid in deciding whether or not a patient should undergo ERCP. For example, if CBDSs are noted on EUS, the patient is indicated for ERCP with stone removal, with ample information regarding the number and size of the stones; if CBDSs are not noted on EUS, the indication for ERCP should be reconsidered. Such a stepwise decisionmaking strategy may help reduce the risk for ERCP-related adverse events as well as save manpower by avoiding unnecessarily performing procedures.
We conducted the present study to evaluate the effectiveness of the EUS-first approach in patients with suspected CBDSs.
Materials and Methods

Patients
This was a single-center, retrospective, cohort study undertaken at Gifu University Hospital. The analysis included data regarding patients with suspected CBDS who underwent EUS and subsequent ERCP investigations between April 2012 and March 2016 (Fig. 1) . Patients with a history of surgery of the upper intestine were excluded. A suspicion of CBDSs was defined in terms of the following findings: abnormal results of liver function tests, with symptoms such as abdominal pain; a possible CBDS diagnosis based on imaging findings, such as hyperechoic spots on abdominal ultrasound (AUS), high-signal-intensity areas on computed tomography (CT), defect on magnetic resonance cholangiopancreatography (MRCP), a low-signal-intensity area on both T1-and T2-weighted magnetic resonance imaging (MRI) or a high-signal-intensity area on T1-weighted MRI and a low-signal-intensity area T2-weighted MRI; a suspicion of biliary pancreatitis due to acute pancreatitis associated with abnormal liver function tests or possible CBDS on imaging studies ( Fig. 2A) .
Written informed consent to perform all procedures was obtained from all patients. This study was approved by the Institutional Review Board of our hospital.
EUS-first approach
All endoscopic procedures were performed by endoscopists with ample experience in both EUS-and ERCP-related procedures and took place in a fluoroscopy room equipped with EUS capabilities. A radial or convex ultrasonic gastrovideoscope (GF-UE260-AL5, GF-UC240P-AL5, or GF-UCT260; Olympus, Tokyo, Japan) was used for EUS examinations, and a duodenovideoscope (TJF-260V; Olympus) was used for ERCP-related procedures.
In the EUS-first approach, the biliary duct from the duodenal ampulla to the common hepatic duct as well as the gallbladder and pancreas were evaluated via the stomach and the first and second parts of the duodenum using push and pull scope positions during an EUS examination. Patients with EUS findings consisting of hyperechoic structures with acoustic shadow inside the biliary duct were defined as positive for CBDSs. The number and diameter of the identified stones as well as the size of the CBD were evaluated. Patients with EUS findings indicative of CBDSs underwent subsequent ERCP, whereas ERCP was omitted in those with CBDS-negative EUS findings (Fig. 2B ). Subsequent ERCP consisted of initial cholangiography followed by the evaluation of the size and number of stones as well as the size of the CBD. A guidewire was then inserted into the biliary system in order to enable endoscopic sphincterotomy or papillary large balloon dilation, depending on the cholangiography findings. The stones were removed using a retrieval balloon or extraction basket. All patients underwent ERCP as inpatients and blood examinations at 2 hours after the procedure as well as on the first postoperative day in order to monitor potential adverse events.
Data analyses
The primary outcomes measured in the study were the incidence of early (! 14 days) and late (>14 days) adverse events after the EUS-based diagnosis. The secondary outcome was the rate of omitted ERCP in the EUS-first approach. Early adverse events after EUS were defined based on the lexicon for endoscopic adverse events described by the American Society Gastrointestinal Endoscopy (ASGE) (4) . Late adverse events were defined as any events associated with the biliary system.
The study population was stratified into two groups based on whether or not ERCP was performed following the EUSbased diagnosis (EUS-only vs. EUS+ERCP). The EUS-only and EUS+ERCP groups were compared in terms of the incidence of adverse events. Continuous variables are presented in terms of the median and interquartile range (IQR). The rate of omitted ERCP was calculated along with its 95% confidence interval (95% CI). Comparisons were performed using Fisher's exact test for categorical variables and the Mann-Whitney U test for continuous variables. A 2-sided p value of <0.05 was considered to indicate statistical significance. All statistical analyses were performed using the JMP software program, version 10 (SAS Institute, Cary, USA).
Results
Basic characteristics
Our retrospective analysis of the hospital's database identified 250 patients with CBDSs and 104 patients (55 men, 49 women) suspected of having CBDSs who were treated via an EUS-first approach [median age of 72 years (IQR, 64-79 years)]. All patients underwent " 1 imaging investigation, as follows: AUS in 18 patients, CT in 96 patients, and MRCP in 22 patients. CBDSs were suspected based on imaging findings in 59 patients, abnormal liver function tests with symptoms in 29 patients, and suspicion of biliary pancreatitis in 16 patients. No patients underwent direct ERCP for suspected CBDS in this study period ( Table 1) .
Results of EUS
The EUS evaluation enabled the successful assessment of the CBD in all patients; a radial EUS scope was used in 91 patients, while a convex EUS scope was used in 13 patients. EUS showed CBD with a median diameter of 5 mm (IQR, 4-8 mm). A total of 52 and 42 patients were diagnosed as CBDS-positive and CBDS-negative, respectively; sludge formation or possible CBDSs was noted in 4 patients, and another 6 patients were assessed as positive for other diseases. EUS findings in the gallbladder were positive for stones in 64 patients and negative for stones in 26 patients; postcholecystectomy status was noted in 10 patients; in 4 patients, the gallbladder could not be successfully evaluated. EUS required a median of 8 minutes (IQR, 5-11) for the evaluation of the pancreatobiliary system. Following the EUS-based evaluation, a total of 62 patients (62/104, 59.6%) underwent ERCP for the management of CBDSs and further investigation of sludge, possible CBDS, or other diseases CBD: common bile duct, CBDS: common bile duct stone, EUS: endoscopic ultrasound, GBS: gallbladder stone (suspected stone in the main pancreatic duct in 3 patients; thickened wall of the biliary duct in 2 patients; sphincter of Oddi dysfunction suspected based on recurrent episodes of abdominal pain associated with elevated levels of liver enzymes in 1 patient). The diagnostic yield of EUS for CBDSs in this study was 98.2% (55/56). In the remaining 42 patients (42/104, 40.4%; 95% CI, 31.5-50.0%), ERCP was omitted based on the EUS findings ( Table 2) . Of the 42 patients with negative CBDSs findings on EUS, 5 had a history of cholecystectomy at the time of the examination. Cholecystolithiasis was recognized in 22 patients, 7 of whom underwent subsequent cholecystectomy. During the median follow-up period of 5 months (IQR: 1-22), CBDSs were diagnosed in 1 (2.4%) of the 42 patients negative for CBDSs on EUS. In that 1 patient, CBDSs were diagnosed 25 months after EUS and were considered to have newly migrated from the gallbladder based on CT findings. The patient eventually underwent cholecystectomy after endoscopic management of CBDSs.
Results of ERCP
Biliary duct cannulation was successful in all 62 patients who underwent ERCP, and cholangiography showed a CBD with a median diameter of 8.2 mm (IQR, 6-11 mm). CBDSpositive findings were noted in 53 patients, with a median stone diameter of 5 mm (IQR, 4-7 mm) . Among the 4 patients with sludge formation or possible CBDSs on EUS, cholangiography confirmed CBDSs in 1 patient, indicated a possible defect in 2 patients, and detected no CBDS findings in 1 patient. All patients received further treatment of the confirmed biliary disease except for the one patient with suspected CBDSs on EUS but negative findings on ERCP. CBDSs or sludge were successfully removed using an extraction basket or retrieval balloon after sphincterotomy in 46 patients or endoscopic papillary large balloon dilation in 6 patients; in 3 patients, no additional interventions for the papilla were performed because of the patients' history of sphincterotomy. Regarding the six patients with non-CBDS diseases: pancreatic stones were endoscopically removed after pancreatic sphincterotomy in three; sphincterotomy followed by a biliary biopsy confirmed the diagnosis of bile duct cancer in one; cholangiography and a negative biliary biopsy after sphincterotomy were compatible with primary sclerosing cholangitis in one; and sphincterotomy alone was performed in one patient suspected of having sphincter of Oddi dysfunction. ERCP, including management of biliary disease, required a median of 20 minutes (IQR, 15-26 minutes) (Table 3) .
Adverse events
No early adverse events were noted in the EUS-only group, whereas early adverse events were recognized in 8 patients (12.9%) of the EUS+ERCP group (p=0.02) and consisted of mild abdominal pain (4 patients) and post- ERCP pancreatitis (mild, 3 patients; moderate, 1 patient). All early adverse events were successfully managed conservatively. Late adverse events were recognized in 3 patients. Patients in the EUS-only group were followed-up for a median of 5 months (IQR, 1-22 months), and 1 patient (2.3%) was diagnosed with CBDSs 2 months after the procedure. Patients in the EUS+ERCP group were followed for a median of 11 months (IQR, 1-22 months), and 2 patients (2/62, 3.2%) developed recurrent CBDS at 9 and 26 months after ERCP (Table 4) .
Discussion
In the diagnosis of CBDSs, imaging modalities such as AUS, CT, and MRCP have been employed as easy-toperform and noninvasive diagnostic methods; however, the reported diagnostic yields for CBDSs using such imaging modalities are not very high. Regarding AUS, intestinal gas in the duodenum and obesity can impair the evaluation of the entire CBD, and the pooled diagnostic yield of 5 studies was reported to be 73% (5) . Regarding CT, although intestinal gas and the patient's condition do not affect the imaging itself, the diagnostic yields for CBDSs were reported to range from 50-90% (6-8) because radio-transparent CBDSs cannot be visualized. The reported diagnostic yields of CBDS on MRCP were better than those of AUS or CT (85-100%) (9) (10) (11) (12) (13) (14) , although MRCP had poor sensitivity for small CBDSs [diameter <5 mm (15) or <6 mm (16)].
In contrast, EUS can visualize the entire extrahepatic bile duct with very high resolution from the duodenum without any interference from intestinal gas or abdominal fat. The diagnostic yields of EUS for the detection of CBDSs are high, with a reported sensitivity of 0.94 and specificity of 0.95 according to a meta-analysis of studies including a total of 2,673 patients (17) . In a prospective study comparing the diagnostic capability of imaging studies for CBDS, the sensitivities of EUS, MRCP, and drip infusion cholecystocholangiography (DIC)-CT have been 100%, 88%, and 88%, respectively. However, false-negative findings were detected with MRCP and DIC-CT in cases where the CBDSs were smaller than 5 mm in diameter (18) . One drawback of EUS is that it is a relatively invasive procedure compared with other imaging modalities and requires patients be sedated for the duration of the procedure, although the incidence of adverse events related to this procedure is very low (19) . Therefore, in patients suspected of having CBDSs, the EUSfirst approach represents a reasonable strategy as it is a much-less-invasive and more accurate diagnostic modality for CBDSs than other available approaches, and patients who ultimately require subsequent ERCP (for treatment or further investigation) will already have been sedated.
In the present study, the EUS-first approach was performed for 104 patients suspected of having CBDSs. A total of 64 patients underwent subsequent ERCP based on EUS findings of CBDSs or sludge with possible CBDSs (n=56) and possible other diseases (n=6). However, ERCP was omitted in 42 patients (40.4%) in whom EUS did not show any abnormal findings. During ERCP, cholangiography followed by the successful management of CBDSs or sludge formation was performed in 55 patients, while cholangiogra-phy alone was performed in 1 patient in whom EUS findings were positive for CBDSs while cholangiography findings were negative. Therefore, the positive predictive value of EUS for detecting CBDSs in this study was 98.2% (55/ 56). Therapeutic or diagnostic ERCP was performed in all six patients suspected of having other diseases on EUS. The early adverse event rate was significantly higher in the EUS+ERCP group than in the EUS-only group (p<0.02), although the late adverse event rate was similar between the groups (p=1.0). In our study, the EUS-first approach was able to reduce the rate of early adverse events, since ERCP was omitted in about 40% of patients suspected of having CBDSs.
There have been several prospective studies comparing "the EUS-first and the ERCP-second approach" and "the ERCP-first approach" in patients suspected of having CBDSs (20, 21) . A study by Polkowski et al. (20) including 50 patients diagnosed via the EUS-first approach and 48 diagnosed via the ERCP-first approach compared negative outcomes related to either endoscopic procedures or a falsenegative diagnosis of CBDSs. In that study, 10% of patients in the EUS-first group (5/50) and 40% of those in the ERCP-first group (19/48) experienced a negative outcome (p <0.001). Karakan et al. (21) also prospectively compared the EUS-first (n=60) and ERCP-first (n=60) approaches in patients suspected of having CBDS and reported a higher adverse event-free survival rate in the EUS-first group (p= 0.049). The results of these two prospective studies suggest that the EUS-fist approach can reduce the incidence of early adverse events (mainly related to ERCP), as unnecessary ERCP can be avoided based on EUS findings. Furthermore, the EUS-first approach cannot increase the risk of late adverse events because EUS can accurately evaluate the CBD. These conclusions are in agreement with the results of our study, wherein the EUS-first approach was able to reduce the incidence of early adverse events without increasing the incidence of late adverse events.
According to the Japanese guidelines for the management of acute pancreatitis [Japanese Guidelines 2015 (22) ], early ERCP with or without sphincterotomy is recommended for acute pancreatitis, which is diagnosed or suspected as gallstone-induced pancreatitis in cases of 1) complications associated with cholangitis or 2) a suspected prolonged passage disorder, such as in the development and/or deterioration of jaundice. In "the EUS-first approach", ERCP is performed for patients in whom CBDSs or bile duct obstruction was suspected. If pancreatitis does not seem to be related to CBDSs or bile duct obstruction, conservative treatment is prioritized, considering the risk of ERCP inducing further deterioration of pancreatitis. The present study enrolled 16 patients suspected of having biliary pancreatitis. ERCP was performed in nine of these patients because EUS showed CBDSs or biliary sludge in six patients and pancreatic stones in three. The further deterioration of pancreatitis was not recognized in any patients who underwent subsequent ERCP. In the remaining 7 patients, ERCP was omitted based on negative EUS findings, and acute pancreatitis was successfully managed with conservative treatment.
Another potential advantage of the EUS-first approach in patients suspected of having CBDSs is that the pancreatobiliary system can be accurately evaluated immediately prior to ERCP. In our study, 6 of 104 patients (5.8%) had non-CBDS diagnoses (pancreatic stone in 3 patients, PSC in 1 patient, bile duct cancer in 1 patient, and sphincter of Oddi dysfunction in 1 patient). Some of those diseases might have been overlooked if the patients had undergone only ERCP for the detection of CBDSs; in particular, pancreatography is typically avoided in order to minimize the risk of post-ERCP pancreatitis, which may lead to overlooking pancreatic stones (2) . Another point is that small CBDSs might be overlooked in the ERCP-first approach, since the reported sensitivity of ERCP for small CBDSs is lower than that of EUS (ERCP vs. EUS: 75% vs. 91%) (21) . The therapeutic stage of ERCP (sphincterotomy or papillary balloon dilation) carries higher risks of adverse events than the diagnostic ERCP, so unnecessary intervention should be avoided if cholangiography fails to reveal small CBDSs. The EUS-first approach might be useful for reducing the possibility of oversight of small CBDSs and subsequent mismanagement. However, there are several possible disadvantages of the EUS-first approach. First, while EUS can provide a highresolution assessment of the CBD from the duodenum, without the interference of intestinal gas or visceral fat, it cannot fully evaluate the hepatic hilum or intrahepatic bile duct and thus may lead to oversight of CBDSs that have migrated upstream into the biliary duct, beyond the hepatic hilum. In contrast, ERCP can evaluate the entire biliary system, and the success rate of CBDS therapy using ERCP exceeds 90%, regardless of the presence of cholangitis or papillitis. In fact, one patient in whom the ERCP was omitted developed cholangitis due to recurrent CBDS; however, we believe that this condition might have been caused by a gallbladder stone, since cholecystectomy for gallstones was not performed in this patient, in accordance with their wishes. Second, the EUS-first approach may involve additional invasive procedures for treating the patient and may require additional manpower and time to perform EUS if the cohort has a high probability of CBDSs. However, it is difficult to accurately predict the provability for CBDS. According to the ASGE guideline regarding the role of endoscopy in the evaluation of patients suspected of having CBDSs (19) , even in a cohort at high risk for having CBDSs, the estimated provability of CBDSs was not very high (reportedly >50%). Indeed, in the present study, the CBDS detection rates by EUS were 37.5% (6/16) in the low-risk cohort, 54.7% (41/ 75) in the intermediate-risk cohort, and 69.2% (9/13) in the high-risk cohort, according to the risk stratification by the ASGE guideline. Considering the high adverse event rate of ERCP, high diagnostic yield of EUS for CBDSs, and difficulty predicting the provability for CBDSs, we still feel it is reasonable to perform EUS before ERCP in patients suspected of having CBDSs, since EUS only took a median of 8 minutes in our study for the evaluation of the pancreatobiliary system and led to no adverse events.
Several limitations associated with the present study warrant mention. First, this was a single-center study with a retrospective design, so our data may be biased in terms of the patient selection and the characteristics of the EUS and ERCP procedures. Furthermore, there was no specific protocol for the management of patients suspected of having CBDSs, and various imaging studies were performed, which made it difficult to stratify the patients in terms of their risk for CBDSs based on imaging findings.
Despite its limitations, our study brings clear evidence that the EUS-first approach helps avoid unnecessary ERCP and thereby reduces the incidence of early adverse events associated with ERCP in patients suspected of having CBDSs.
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